Precis: This article investigates the responsiveness of creamery milk supply to changes in the price of milk relative to agricultural materials. A basic model, which includes milk and livestock price variables and a Gini co-efficient of cow concentration (a proxy for technological change) is modified to test pre-and post-EEC response differences. The effects of the milk price variables are isolated using the method of principal components. Price responsiveness was higher in the post-than pre-EEC period with largest responses shown after a two to three year lag. The technology effect although positive was not significant.
I INTRODUCTION
T he purpose of this study is to examine the effect of price change on creamery milk supply in Ireland. This is of particular interest in the light of what happened to prices before entry and after entry into the EEC, and what is likely to happen as a result of the current surplus milk production.
Previous studies on Irish milk production have concentrated on explaining supply and its structure through explaining dairy cow numbers (Buttimer (1972) , O'Connor (1972) , Keane (1977) , O'Neill and Herlihy (1977) ). In the present study, a reduced form milk supply function which includes milk price variables is developed, and the parameters are estimated. An inter-action term is then introduced to test for response differences in the pre-EEC period (Period I) and post-EEC period (Period II). The milk price variables are the focus of attention. Therefore, using the same basic model, a stepwise procedure is adopted in estimating the parameters of the milk price variables, using principal components to collapse all but one of the other explanatory price variables.
The model and data are presented in Section II. The results are presented in Section III and the summary and conclusions in Section IV.
II MODEL AND DATA
The price of milk has been exogenously determined over the period covered, first, by Irish Government intervention in the pre-EEC period, and secondly, by the EEC's Common Agricultural Policy in the post-EEC period. Con sequently, a demand equation has no role to play in the model. Thus we concentrate on the supply side alone.
The supply of milk is a function of cow numbers and level of yield:
where M = milk supply Y = yield C = cow numbers
Yield depends on the level of technology, and the level of inputs used. The latter in turn depends on the milk/inputs price ratio:
where T = level of technology P = price of milk Pj = price of inputs Cow numbers depend on the milk/inputs price ratio and the ratio of the price of alternative agricultural output to the price of inputs:
where P A = price of alternative product, while the other variables are as already defined.
Equations (1), (2) and (3) can be combined to give a single equation model of milk supply: M = f 4 (T,P m /P p P A /P I )
The first question which arises is that of the appropriate substitutes for milk and thus the appropriate alternative price variable to include. Halvorson (1958) using a milk supply equation similar to (4) above found that from among various alternatives, only beef prices had a significant effect. Prato (1973) assumes beef is the only important substitute for dairy cows, although. O'Connor (1972) did find cereal prices to be significant in explaining dairy cow numbers, in two out of three equations. Buttimer (1972) found neither the grain price nor the price of crops, when used in separate equations, to significantly affect cow numbers. Indeed in the Irish context given that tillage is a marginal agricultural activity relative to dairying and the tendency for tillage to be more and more concentrated with increases in technology, it is unlikely that the switching from tillage to milk resulting from relative price change would be significant. This would seem to be the opinion of O'Neill and Herlihy (1977) where the only alternate product considered in their equation for dairy cows is beef. Beef is thus the only alternative product considered in this study. However, the price of cereals, to the extent that they are included in the price of inputs, is also included in the model.
A second question concerns the length of lag to be used, since milk supply in any year is to some extent the result of decisions taken in previous years. The yield can change quite quickly with increased feedstuff usage, but the change in cow numbers requires time. The change in cow numbers can come from both existing milk producers and new producers. One can argue that for existing producers, allowing a lag in decision-making, the increased cow responses and the corresponding milk increase will have taken place within a two to three year period after the initial price change. This time period should also be sufficient to allow new producers to switch from alternative activities, especially beef.
A third question concerns the inclusion of an appropriate variable to take account of technological change. Time, which is usually included for this purpose, is not very appropriate since, for example, in a linear model it assumes that technological change takes place in a perfectly linear fashion, which may not necessarily be the case. If, however, one assumes that increased specialisation in milk production is accompanied by improved technology, then a Gini co-efficient measuring the degree of dairy cow concentration, and thus specialisation, is an appropriate proxy for the level of technology. It must be recognised that this variable will also pick up the effect of eco nomies of scale which is in fact closely related to the level of technology. This is not, however, considered a problem here since the primary interest is in the milk price variables.
It is reasonable to expect that the EEC would have some impact on milk supply response. Irish agriculture was already reacting to anticipated entry some years prior to actual entry. At government level various policies were implemented to encourage agricultural output in order to take advantage of the special concessions to agriculture, when the negotiations were finally concluded. As will be seen later, cow concentration increased rapidly between adjustments had already taken place. The study period was thus broken into Period I which extended from 1952 to 1968, and Period II which extended from 1969 to 1978. Period II commenced in 1969 since it coincided with the introduction of the Beef Incentive Scheme which was continued as a new scheme after entry into the EEC. A dummy variable was used to distinguish Period I from Period II. Finally, a Calved Heifer Grant Scheme which encouraged cow numbers was in operation from 1964 to 1967 and a dummy variable was also used for the years in which the scheme operated.
The basic model constructed is thus:
where M t = creamery milk supply in year t (,000 gals.) Dj =1, when the Calved Heifer Grant Scheme was in opera tion = 0, otherwise D 2 = 1, in Period II (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) = 0, in Period I (1952-1968) P m t _j = Ratio of the price of creamery milk to the price of agricultural materials in year t-j P t . k = Ratio of the Price of Livestock to price of agricultural materials in year t-k G t = Gini co-efficient for cow concentration in year t e t = Error term, which is assumed to be normally distri buted with mean zero and a covariance matrix a 2 1.
The basic model was adjusted in two ways. First, an interaction term between D 2 and P mt was introduced to see if there was a different price effect response over the period of EEC influence and the pre-EEC period. Second, the basic model, both with and without an interaction term, was adjusted by a stepwise procedure attempting to isolate the price of milk effect for the current period and each of the lagged periods. Since at each step only a particular milk price effect was of interest, the other milk price variables and the livestock price variables were collapsed into their principal components. This procedure, allowing some extra degrees of freedom, adds to the precision of the parameter estimates and in addition reduces the multicollinearity problem associated with the high correlation between the milk price variables. When account is taken of the various adjustments there are in all 10 model variants.
Annual data are used for the period 1952 to 1978. Milk deliveries to creameries, the Agricultural Materials Price Index, the Livestock Price Index and the data for deriving the Gini co-efficient were taken from the Irish Statistical Bulletin (various issues). All indices were set to abase of 1953=100. The price of milk series was provided by the Department of Agriculture. The Gini co-efficient measuring cow concentration was derived from the relation ship between the cumulative percentage of cows and the cumulative percentage of holdings, where the latter proceeds from the smallest to the largest herds. Since the necessary data for estimating the Gini co-efficient are only available at five year intervals the values for the intervening years were derived by linear extrapolation. Although this can induce autocorrelation, in the event, it did not become a problem. It may be noted that the Gini co-efficient increased steadily from 0.28 in 1950 to 0.47 in 1965, increased rapidly to 0.64 in 1970 and remained constant between 1970 and 1975 . Although certain changes in the cow distribution by herd size did take place in this latter period, the Gini co-efficient was not, however, sensitive to these changes. The dummy variable for the Calved Heifer Grant Scheme is 1 for years 1964 to 1967, and 0 for all other years. The dummy variable which takes account of the Beef Incentive Scheme and the EEC influence is 1 for 1969 to 1978 and 0 for all other years.
Model variant I is the basic model while model variant II includes inter action terms between D 0 and P . In model variants III to X the milk and livestock price variables other than the particular milk price variable under investigation, are collapsed into their principal components. In each model variant three principal components are used, PCj, PC 2 , PC g . These account in each case for over 92 per cent of the variation in the milk and livestock price variables, other than the particular one under investigation.
Ill REGRESSION RESULTS FOR MODEL VARIANTS I TO X
The focus of this paper is the impact of milk price change on creamery milk supply. All model variants perform fairly well in terms of R 2 , although some explanatory power is lost in the model variants where principal com ponents are used (Table 1) . This latter result is explained by the fact that only 92 per cent of the variation in the collapsed price variables is picked up by the resulting principal components. Consequently, the milk supply response to the explicit milk price variables in model variants III to X is possibly exaggerated. Since the Durbin-Watson statistic lies in the indeterminate zone for all model variants we can in no case accept a null hypothesis of either positive or negative autocorrelation.
A one tailed t-test shows the parameter estimates of P , P^-j and P mt _ 3 in model variant I to be significant at the 5 per cent level. However, none of the milk price or interaction term parameter estimates is significant in model variant II. This is due to a high standard error of the parameter estimates arising out of a high degree of multicollinearity and the. low number of degrees of freedom. The milk price parameter estimates are reduced substantially in model variant II whereas the parameter estimates for the interaction terms are high. The parameter estimates of P and P mt _ j are significant for Period II.
Model variants III, V, VII and IX give parameter estimates of the milk price variables which are all larger than in model I and all of which are significant at the 5 per cent level. The parameter estimate of the explicit milk price variable is reduced and is insignificant with the introduction of an interaction term in models IV, VI, VIII and X. The parameter estimate of the interaction term is largest and significant at the 5 per cent level in the case of P mt _ 2 ar >d P mt -3> while the parameter estimates of the milk price variables are significant in all cases in Period II.
The parameter estimates of the livestock price variables have all got the expected sign in model variants I and II and are significant at the 5 per cent level in three out of eight cases. Although the low level of significance of many of the principal component parameter estimates in model variants III to X might suggest a multicollinearity problem, this was not in fact the case. Klein's (1962) test suggests that the degrees of collinearity existing was not harmful. The Gini co-efficient has the expected sign in all but one equation, but is only significant in model variant II. The dummy variable for the Calved Heifer Grant Scheme has a negative co-efficient but is insignificant in all cases.
This latter result combined with that of Killen (1978) , where the Calved Heifer Grant Scheme was found to contribute significantly to the size of the breeding herd, suggests that the scheme affected primarily the non-dairy herd.
Thus, in general, the response to changes in the milk price variables was greater while under the EEC influence than prior to this period. This is possibly due to the high expectation created by the EEC price levels, the greater certainty in milk returns and the ease of investment finance. Despite the fact that beef prices also increased substantially in the post-EEC period the fluctuations in beef prices continued, making investment in dairying a more attractive prospect from both the farmers' and the banks' point of view. The expectations of the farmers were confirmed by the new enthusi asm of the banks to lend and thus the high responsiveness in milk supply resulted.
The elasticity of milk supply with respect to the milk/input price ratio was largest for P mt _ 2 at 1.4 in model variant I (Table 2 ). The price elasticity of milk supply over four years was 3.6. The price elasticities for Period I are The pattern of results found in moving from variants III, V, VII and IX to variants IV, VI, VIII and X is similar to that found in moving from variant I to variant II. The elasticities for Period II are similar to those found where there was no period differentiation, whereas those for Period I are much reduced. This supports the results of variant II.
Thus one can conclude that the elasticity of creamery milk supply over four years with respect to the milk/input price ratio was between 3.6 and 8, considering the complete study period. However, on period differentiation the four year price elasticity of milk supply was between 1.6 and 3.2 over Period I and between 3 and 7.6 in Period II.
The milk/input price ratio did rise at a faster rate in the second period than in the first period, being 2.6 per cent per annum in Period I and 3.8 per cent per annum in Period II. Perhaps the faster rise in the price ratio also gave rise to greater optimism and expectations.
However, the price variable did have positive and negative fluctuations over the whole study period which leads to some confidence in predicting response if the price ratio was to decline.
IV SUMMARY AND CONCLUSIONS
This article was addressed to estimating the responsiveness of creamery milk supply in Ireland to changes in the ratio of milk price to agricultural input price. A basic model was constructed from which the parameters were estimated, tested for significance and used to estimate price elasticities. The basic model was first adjusted by introducing interaction terms to test for significance of response between Period I and Period II. Problems of multicollinearity and too many variables did not allow the response differences to show up significantly. The step by step isolation of the individual price effects showed that the milk supply responds significantly to each milk price variable with the highest response coming 2 to 3 years after a price change. The introduction of interaction terms into these adjusted models show up significant differences between responses to milk price change in Period I and Period II. The elasticities derived from these results indicate that pro ducers were about twice as responsive to milk price changes in Period II than in Period I.
The implications of milk price for the future changes in milk supply depends on the extent to which producers continue to respond as they did over the 1969-78 period or whether they revert to a pre-1969 level of responsiveness. It might reasonably be expected that as the rate of price increase declines over the longer term, producers' responsiveness will return to that of pre-1969 period. Even so the level of responsiveness would still be quite high.
These results have thus important policy implications. On the one hand, they indicate the rate at which Irish producers will contribute to an existing EEC milk surplus in response to continuing increases in the milk/input price ratio. On the other hand, it indicates the potential decline in the Irish milk processing industry if the milk/input price ratio were to drop.
